We have isolated a new chicken gene, cBarx2b, which is related to mBarx2 in sequence, although the expression patterns of the two genes are quite different from one another. The cBarx2b gene is expressed in craniofacial structures, regions of the neural tube, and muscle groups in the limb, neck and cloaca. Perturbation of anterior muscle pattern by application of Sonic Hedgehog protein results in a posteriorization of cBarx2b expression.
The Bar family of homeodomain-containing transcription factors first found in Drosophila melanogaster have not been well-characterized in vertebrates (Higashijima et al., 1992; Kojima et al., 1993) . Three mouse and three amphibian homologues of the Bar genes have been previously reported (Tissier-Seta et al., 1995; Papalopulu and Kinter, 1996; Jones et al., 1997; Saito et al., 1998) . To further understand the role of Bar genes in vertebrate development we screened a stage 18-24 (Hamburger and Hamilton, 1951) chicken cDNA library, and isolated a novel cDNA encoding a putative protein of 268 amino acids, which is 80% and 61% identical to mBarx2 and mBarx1, respectively (Fig. 1) . In spite of its similarity to mBarx2 in sequence, differences in its expression pattern suggest that it may not be the direct Barx2 orthologue. The mBarx2 gene is expressed in the telencephalon, dorsal root ganglion, neural tube, frontonasal processes and the precartilaginous condensations in the limbs (Jones et al., 1997) . Therefore, we have called this new gene cBarx2b.
Whole-mount in situ hybridization shows that cBarx2b has an expression pattern differing from those of previously reported Barx genes, including specific domains in the craniofacial region and in the myotomally-derived tissues. However, we first observe expression of cBarx2b at stage 18 in the dorsal and ventral ectoderm of the limb buds and in the diencephalon ( Fig. 2A,B) . Both of these domains persist at later stages, for example in situ hybridization to a section through a brain at stage 23 reveals staining in the diencephalon, with expression limited to the anterior and posterior cells (Fig. 2L) , and whole-mount in situ hybridization at stage 25 similarly shows neural expression restricted to the diencephalon, although staining is not seen in eye structures as seen with other Bar genes ( Fig. 2H) (Papalopulu and Kinter, 1996) . Similarly, the ectodermal limb staining continues to be apparent at stage 23 (Fig. 2I) . Expression that will develop into a muscle-specific pattern is prestaged at stages 20 and 21, in the intersomitic spaces adjacent to the limb, and in the myotomal region of the somites (Fig.  2C,D) . At stage 23 intersomitic expression is reduced, while myotomal expression remains strong (Fig. 2E ). In addition, at this stage expression of cBarx2b is seen in migrating myoblasts, detectable in whole-mount in situ hybridization as a stripe at the boundary between the limb bud and the rest of the body, similar to the expression of other myotomal markers, such as Pax3 (Fig. 2E ) (Currie and Ingham, 1998) . Section in situ hybridization through the (Fig. 2I ) of a stage 23 embryo and a longitudinal section (Fig. 2J ) from a stage 23 embryo verify expression in the migrating myotomal cells. Expression is still seen in the myotome at stage 30 (Fig. 3K) By stage 25, the expression in the myotome is greatly enhanced as the majority of the myotomal precursors have begun their migration (Fig. 2F ). In the limb bud by this stage, the expression has resolved into two distinct patches in the mesoderm, representing the dorsal muscle mass (Fig.  2G) , and the ventral muscle mass (data not shown). As the myoblasts fuse and form the skeletal muscles, cBarx2b continues to be expressed. At stage 27, expression can be clearly seen in the forming individual muscles of the limb (Fig. 3A,E) . At this stage, expression still persists in the myotome as well. By stage 30, expression in the myotome is reduced, while expression in the muscles of the limb remains quite high (Fig. 3B,I ,J). One can resolve staining in all of the distal muscles of the wing and the leg (Fig.  3B,F) . Expression of cBarx2b is not limited to the musculature of the limb. For example, at stage 30, staining was also observed in the cloacal muscles (Fig. 3C,G) . A very prominent domain of musculature expression is found in the neck. At stage 23, expression can be seen in the myoblasts dorsal to the heart which are precursors to the neck muscles (Fig.  2J ). This is maintained at Stage 25 as the neck muscles develop (Fig. 3D) . By stage 27, This expression has resolved to three distinct sets of neck muscles (Fig. 3A,H) which persists as the neck muscles move to a more anterior position at stage 30 (Fig. 3L) .
Expression is also seen in other muscles in the craniofacial region. Expression in the periocular region is seen by stage 23 (Fig. 2K) , which continues through stage 25 (Fig.  2F) . Later, at stage 30, expression is also seen in the muscles of the developing tongue (Fig. 3L) .
In addition to these myogenic populations, cBarx2b is also strongly seen in the mesoderm of the branchial arches at stage 23 (Fig. 2K ) and stage 25 (Fig. 2F ). This expression is maintained in the forming bones of the craniofacial region. At stage 25 it is seen in the tips of the outgrowing maxilla and mandible (Fig. 3D ). This expression persists in the outgrowing facial bones at stage 27 (Fig. 3H ), but by stage 30 expression is no longer seen in the mandible and maxilla (Fig. 3L) .
The expression of cBarx2b in both the myotomallyderived myoblasts and in subsequently formed muscles, ; lm, limb musculature; m, myotome; nm, neck muscles; pl, peroeneus longus; r, radius; sdm, superficial dorsal muscle mass; t, tongue; ta, tibialis anterior; u, ulna. such as in the limb, suggest that this gene could be a useful marker for following experimental changes in muscle patterns. To verify the utility of cBarx2b as such a marker, we utilized ectopic expression of Sonic Hedgehog in the developing limb bud. Sonic Hedgehog (Shh) is normally expressed in the posterior region of the developing limb bud in the Zone of Polarizing Activity, and plays a critical role in patterning the anterior-posterior axis of the limb. Ectopic Shh in the anterior limb bud causes mirror-image duplications of the distal limb elements (Riddle et al., 1993) . We misexpressed Shh in the anterior portion of the wing bud by injecting a retrovirus containing the Shh cDNA at stage 20. Embryos were incubated for 48 h, harvested, and stained for cBarx2b. Control limbs injected with a retrovirus encoding Alkaline Phosphatase had no effect upon cBarx2b (Fig.  4A) . Limbs with ectopic Shh showed outgrowth at the proximo-distal tip (Fig. 4B) . Expression of cBarx2b was duplicated in these limbs. In particular, the dorsal muscle mass was duplicated, as was the posterior muscle mass (Fig. 4B) . This experiment shows the utility of using cBarx2b as a molecular marker of distal limb musculature.
Methods
The chick Barx2b gene was cloned using mBarx1 (a gift of C. Goridis) (Tissier-Seta et al., 1995) to screen a stage 18-24 chicken limb cDNA library. The open reading frame was subcloned into pGEMt (Clontech). A riboprobe was generated by cutting the construct with Sac II, using T7 polymerase, and standard transcription conditions. Wholemount sections and in situ hybridization were as described (Riddle et al., 1993; Vortkamp et al., 1996) . The RCAS-Shh encoding retrovirus, viral production, concentration, titering and injections were as described (Riddle et al., 1993; Logan and Tabin, 1998) 
